Purpose To investigate the long-term impacts of different posterior operations on curvature, neurological improvement and axial symptoms for multilevel cervical degenerative myelopathy (CDM), and to study the relationship among loss of cervical lordosis, recovery rate and axial symptom severity. Methods We retrospectively reviewed 98 patients with multilevel CDM who had undergone laminoplasty (Group LP, 36 patients), laminectomy (Group LC, 30 patients), or laminectomy with lateral mass screw fixation (Group LCS, 32 patients) between January 2000 and January 2005. Loss of curvature index (CI) was measured according to the preoperative and final follow-up radiographic parameters. The recovery rate was calculated based on the Japanese Orthopedic Association (JOA) score. Axial symptom severity was quantified by Neck Disability Index (NDI). Results Analysis of final follow-up data showed significant differences among the three groups regarding loss of CI (F = 41.46, P \ 0.001) between preoperative and final follow-up JOA scores (P \ 0.001), final follow-up JOA score (F = 7.81, P \ 0.001), recovery rate (F = 12.98, P \ 0.001) and axial symptom severity (v 2 = 18.04, P \ 0.001). Loss of CI showed negative association with neurological recovery (r = -0.555, P \ 0.001) and positive correlation with axial symptom severity (r = 0.696, P \ 0.001). Conclusions Excellent neurological improvement was obtained by LP and LCS for patients with multilevel CDM, while loss of CI in groups LP and LC caused a high incidence of axial symptoms. Loss of CI was correlated with poor neurological recovery and axial symptom severity. Lateral mass screw fixation can effectively prevent loss of postoperative cervical curvature and reduce incidence of axial symptoms.
Introduction
Multilevel cervical degenerative myelopathy (CDM) is usually treated by different posterior decompression techniques. Laminoplasty has been considered as an effective and safe method to widen the spinal canal dimensions without removing the dorsal elements of the cervical spine [1, 2] . Laminectomy allows adequate decompression of the spinal cord, and can be performed safely and easily. Hence, a satisfactory surgical outcome in a short time is often seen in patients undergoing laminectomy [3] . However, some late operation-related complications have also been observed in laminoplasty and laminectomy, which include segmental instability, loss of cervical lordosis, neurological deterioration and axial symptoms [4] [5] [6] [7] [8] [9] . Furthermore, several studies have shown that the remaining anterior compression might hinder the neurological recovery, if the segmental instability and kyphotic deformity were not corrected in the surgical management [4, 5, 7] . In recent years, laminectomy with lateral mass screw fixation, which can obtain adequate decompression of the spinal cord and immediate cervical stability, has been widely performed with favorable outcomes in the mid-term follow-up [9, 10] . It remains controversial whether different posterior operations have long-term adverse impacts on cervical curvature, neurological improvement and axial symptoms for multilevel CDM. Moreover, there are few reports on the relationship among curvature changes, recovery rate and axial symptom severity.
The purpose of this retrospective study was to investigate the long-term impacts of different posterior operations on curvature, neurological improvement and axial symptoms for the treatment of multilevel CDM. We also analyzed the relationship between loss of curvature index, recovery rate and axial symptom severity.
Patients and methods

Patient population
A total of 147 patients with multilevel CSM who had undergone different cervical posterior operations at our medical center were reviewed retrospectively from January 2000 to January 2005. Of the 147 patients, only 98 patients (68 men and 30 women) were eligible for final analysis in this study, while the rest 49 patients were excluded from the study because of the following reasons: suffering from diseases that had an adverse effect on the results (24 patients), radiological data incompletion (13 patients), loss to follow-up (10 patients) and death (2 patients). The patients' age at the time of surgery ranged from 40 to 75 years (average 56.3 years), and the follow-up periods ranged from 7 to 12 years (average, 9.17 years). All data regarding age, gender, decompressed levels, preoperative symptoms and follow-up period were reviewed and statistically analyzed (Table 1) .
Patients considered for the study had at least C3 levels of cervical spinal cord compression with accompanying symptoms and signs of cervical disk herniation, cervical spondylotic myelopathy, cervical spinal canal stenosis or segmental-type ossification of the posterior longitudinal ligament (OPLL). Exclusion criteria included cases with cervical trauma or continuous-type OPLL, cases with significant cervical anatomic deformity, active infection, and neoplasm, cases whose preoperative or final follow-up magnetic resonance imaging (MRI) and plain radiographs were not complete or interpretable because of motion/metal artifacts or poor quality, and the patients who had dropped out from the study during the follow-up periods.
All patients were classified into three groups based on the different posterior surgical managements. Patients in 
Surgical management
The open-door type of cervical en bloc laminoplasty described by Itoh and Tsuji [11, 12] was performed in group LP. One side of the lamina was opened, and the other side served as the hinge. Bone grafts from dissected spinous processes were put in the opened laminae and fixed with braided wires or nylon threads. Laminectomy was performed from pedicle to pedicle to ensure adequate spinal canal decompression in group LC. In group LCS, screws (Medtronic Sofamor Danek, Memphis, TN, USA) were placed bilaterally with the Magerl technique [13] , rods of appropriate size were selected and bent to match the contour of the lateral masses and secured to the lateral masses by screws, and then laminectomy were performed based on the preoperative surgical planning. Numbers of posterior decompressed levels in each group were described detailedly in Table 1 .
Radiological assessments
Preoperative and final follow-up cervical alignments were measured in the profile of neutral plain radiographs by curvature index (CI) as described by Ishihara [14] ( Fig. 1 ).''a1'' was defined as the distance from the posterior inferior edge of the C3 vertebral body to line ''AB'', ''a2, a3, and a4'' using the same method. ''AB'' was defined as the distance from the posterior inferior edge of the C2 vertebral body to that of the C7 vertebral body. Data measurements were performed three times with 200 % magnification for accuracy by the first and second authors independently, and the mean value was used for analysis. The intraobserver errors were less than 5 %.
Clinical assessments
The neurological status of each patient was evaluated before surgery and at final follow-up according to the Japanese Orthopedic Association (JOA) disability scale. The neurological recovery rate was calculated using the Hirabayashi method [15] : (postoperative JOA score -preoperative score)/(17 -preoperative score) 9 100 %. Recovery rates were graded as follows: C75 %, excellent; 50-74 %, good; 25-49 %, fair; and\25 %, poor.
The severity of preoperative and final follow-up axial symptoms in each group was quantified by Neck Disability Index (NDI, 0 = no disability, 50 = total disability) [16] . Subjects' scores were calculated and ranked according to the standard NDI ranking system: 0-4, no disability; 5-14, mild disability; 15-24, moderate disability; 25-34, severe disability; [35, complete disability [17, 18] .
Statistical methods
All statistical analysis was performed using Statistical Analysis System software (version 9.13, SAS Institute Inc., USA). The Chi square test was applied for qualitative data. A paired t test was used to assess statistical significance of changes between final follow-up and preoperative parameters in each group. Statistical comparisons among the three groups were performed in loss of CI, the final followup JOA score and the neurological recovery rate using ANOVA and Student-Newman-Keuls test, and in the severity of axial symptoms using Kruskal-Wallis nonparametric ANOVA and Bonferroni t test. Pearson's correlation coefficient was used to check the correlation among loss of curvature index, recovery rate and axial pain severity. A value of P \ 0.05 was considered to be statistically significant. 
Results
Radiographic results
There were statistically significant differences between preoperative and final follow-up CIs in LP and LC groups (P \ 0.05), while no significant difference between preoperative and final follow-up CI in group LCS (t = 0.96, P [ 0.34). In the final follow-up, the loss of CI was 2.60 % in group LP, 3.20 % in group LC, and 1.22 % in group LCS, respectively (Table 2; Fig. 2) . The difference in the three groups for loss of CI among was also statistically significant (F = 41.46, P \ 0.001) (Fig. 3) . The StudentNewman-Keuls test showed significant differences in loss of CI between groups LP and LCS (P \ 0.05), between groups LC and LCS (P \ 0.05), and between groups LP and LC (P \ 0.05).
Functional results
In this study, the preoperative and final follow-up JOA scores were 8.1/14.0 in group LP, 8.1/13.1 in group LC, 8.2/14.3 in group LCS, respectively (Fig. 2 ). There were statistically significant differences between preoperative and final follow-up JOA scores in each group (P \ 0.001) and in final follow-up JOA scores among the three groups (F = 7.81, P \ 0.001). No significant differences in preoperative JOA scores among the three groups and in final follow-up JOA scores between groups LP and LCS were noted.
The neurological recovery were excellent in 11 (30.6 %, LP), 1 (3.3 %, LC), 11 (34.4 %, LCS) patients, good in 24 (66.7 %, LP), 25 (83.3 %, LC), 21 (65.6 %, LCS), fair in 1 (2.8 %, LP), 4 (13.3 %, LC), 0 (0 %, LCS), and there were no poor cases in three groups. The final follow-up JOA score and the improvement rate were 13.97 ± 1.28 and 66.90 % ± 11.05 %, 13.07 ± 1.23 and 56.55 % ± 9.39 %, and 14.31 ± 1.33 and 70.54 % ± 12.80 % in the final follow-up after laminoplasty, laminectomy alone and laminectomy with lateral mass screw fixation (Table 3) . ANOVA showed significant differences among the three groups for recovery rate (F = 12.98, P \ 0.001). The difference in neurological recovery rates between groups LP and LC (P \ 0.05) and between groups LC and LCS (P \ 0.05) was statistically significant, but there was no significant difference in the recovery rates of groups LP and LCS. Recovery rate showed a negative correlation with loss of curvature index (r = -0.555, P \ 0.001) (Fig. 4) .
Axial symptoms
In the final follow-up, NDI score was 9.92 in group LP, 14.07 in group LC, and 4.97 in group LCS, respectively (Fig. 2) . According to the NDI ranking system, there was no disability in 12, 7 patients, mild disability in 16, 9, moderate disability in 7, 10, severe disability in 1, 3, and complete disability in 0, 1 in the LP and LC groups, respectively. Within group LCS, the NDI ranking system indicated no disability in 20 patients, mild disability in 10, moderate disability in 2, and there were no severe and complete disability cases (Table 4) .
Axial symptom incidence was 66.7 % (24/36 patients) in group LP, 76.7 % (23/30 patients) in group LC, and 37.5 % (12/32 patients) in group LCS, respectively. Kruskal-Wallis nonparametric ANOVA showed significant differences among the three groups for axial symptoms (v 2 = 18.04, P \ 0.001). A subsequent Bonferroni t test for axial symptoms showed significant differences between groups LP and LCS (P \ 0.05), and between groups LC and LCS (P \ 0.05), while no significant differences between groups LP and LC. Axial symptom severity was correlated with loss of curvature index (r = 0.696, P \ 0.001) (Fig. 5) .
Discussion
Laminectomy is the earliest way to decompress the spinal cord by removing spinous process, lamina and ligamentum flavum in patients with multilevel cervical compressive myelopathy [3] . Laminoplasty has been performed since 1973 in Japan, and has been proved to be an effective and safe treatment to widen the spinal canal without removing the dorsal elements of the cervical spine for multisegmental CDM [1, 2] . However, some adverse outcomes of laminoplasty and laminectomy in the long-term follow-up have been reported, including significant incidences of instability, progressive kyphosis, neurological deterioration and axial symptoms [4] [5] [6] [7] [8] . Recently, lateral mass screws fixation has become optimal preferred option for stabilizing the cervical spine and preventing kyphotic deformity when multilevel decompression is required [9, 10] . In our institute, laminectomy and fixation were performed as an alternative to laminectomy alone in the management of multilevel CDM. During the follow-up period, we observed that some patients suffered the so-called axial symptoms to C7 laminoplasty, whose preoperative JOA score was 8. In the final follow-up of 9.5 years, the loss of CI was 2.4 %, final follow-up JOA score was 14 and NDI score was 23. b A 56-year-old male patient underwent C4 to C6 laminectomy, whose preoperative JOA score was 7.
In the final follow-up of 7.5 years, the loss of CI was 3.7 %, final followup JOA score was 13 and NDI score was 27. c A 61-year-old male patient underwent C3 to C7 laminectomy with lateral mass screw fixation, whose preoperative JOA score was 8. In the final follow-up of 8 years, the loss of CI was 0.4 %, final follow-up JOA score was 16 and NDI score was 2 including nuchal pain, neck stiffness and shoulder pain, which affect their quality of postoperative life seriously. We also conducted a literature search and found that there were few conclusive studies on this issue, particularly as to whether different posterior surgeries have long-term adverse impacts on curvature changes, neurological improvement and axial symptoms. At final follow-up, the loss of cervical curvature was maximum in group LC, moderate in group LP, and minimum in group LCS; the differences were statistically significant among the three groups. This emphasizes the importance of early recognition of complications caused by cervical curvature changes. There is controversy on the issue: Is the loss of cervical curvature related to neurological recovery rate and axial symptoms?
In the present study, better neurological improvement was obtained in laminoplasty and laminectomy with fixation; there were statistical differences in recovery rate between groups LP and LC and between groups LC and LCS, while no significant difference between groups LP and LCS. Chiba et al. [19] followed 80 patients who underwent open-door laminoplasty for a minimum of 10 years and found that although the average JOA score and recovery rate improved significantly in 3 years after surgery, yet cervical kyphosis caused late neurological deterioration. Our results also demonstrated that cervical curvature change was correlated with neurological deterioration. Loss of cervical lordosis may be a possible factor in progressive spinal cord dysfunction [20, 21] , and this issue is often discussed clinically in the pathophysiology of axial symptoms.
In patients with kyphotic deformities who underwent the laminectomy alone, the spinal cord shifted to the anterior portion of the spinal canal and abutted the posterior aspect of the vertebral bodies at the apex of the deformity. With the progression of kyphosis, the mechanical stress applied to the anterior aspect of the spinal cord eventually increased [22] . In addition, segmental instability, which is often seen at the level of kyphosis particularly in cervical flexion movement, might cause cervical degeneration acceleration and osteophytosis, thus further hindering spinal cord function recovery [23] [24] [25] . Our long-term follow-up results revealed that segmental and kyphotic instability after laminectomy could be the main cause of poor neurological recovery. Therefore, we presumed that the restoration of cervical lordosis and strengthening of cervical stability may be pivotal factors in neurological recovery.
At final follow-up, 58.2 % (57/98) of the entire group experienced axial symptoms, an incidence consistent with previous studies. The incidence of axial symptoms was [27] believed that the axial symptoms were related to cervical kyphotic deformity. Otani et al. [28] proposed that lateral retraction of paravertebral muscles attached on the cervical spine and removal of lamina and ligamentum flavum in laminectomy, especially the semispinalis attached on the C2 spinous process, increased the flexion mechanical stress, which may be a significant factor in the development of axial symptoms. Tang et al. [29] demonstrated that the severity of neck pain and disability increases with positive sagittal malalignment following surgical reconstruction. The present study showed that axial symptom severity was positively correlated with loss of CI, which meant that the symptoms would get worse if the cervical curvature index was more severely lost. However, some patients in the final follow-up did not complain of neck pain (group LP 12/36; group LC 7/30; group LCS 20/32). Although the patients of three groups complained more or less of neck pain after surgery in short time, neck pain was gradually improved in groups LP and LCS with the restoration of cervical lordosis and strengthening of cervical stability. Our study suggested that the incidence of axial symptoms can be reduced by the restoration of cervical lordosis and strengthening of cervical stability. Takeuchi et al. [30] and Zhang et al. [31] demonstrated that the C7 spinous process might play an important role in preventing axial symptoms, and axial symptom severity might be affected by musculature atrophy. Axial symptoms might also be caused by other problems, such as nuchal muscle intraoperative injury, destruction of facet joints, intraoperative nerve root damage and hinge side nonunion. In short, axial symptoms were the results of a complication induced by multifactor and multimechanism after posterior cervical surgery, and the explicit pathogenesis remains to be further investigated. Successful treatment of multilevel CDM requires adequate decompression, restoration of the normal curvature and reconstruction of the cervical stability. Duan et al. [32] stated that the posterior fixations could provide immediate stability of the cervical spine following laminectomy by reinforcing the posterior tension-band, which attempted to prevent the loss of cervical lordosis and promote early neurological recovery. Ohnari et al. [26] pointed out that the reconstruction of posterior elements at laminoplasty was expected to relieve axial symptoms. There were ample biomechanical experiments [9, 33] suggesting that lateral mass screws could provide rigid fixation to the multiple cervical planes: flexion stability increased 92 %, extension stability increased 60 % and rotation stability also improved greatly. During the follow-up period, based on our observations and experience [9, 10, 34, 35] , we have favored laminectomy with lateral mass screw fixation to perform adequate decompression of the spinal cord and maintain normal cervical alignment, which has obtained excellent neurological improvement and minimal incidence of complications.
This study has some limitations. Over the last decade, many modified anterior or posterior surgical approaches for the treatment of multilevel CDM, including multilevel anterior cervical discectomy with fusion (ACDF), noncontiguous anterior decompression and fusion (NADF), oblique cervical corpectomy (OCC), and combined anterior-posterior fusion, had been developed and obtained favorable outcomes [36] [37] [38] [39] [40] . However, some surgical methods in this study, e.g. LC, had been rarely used in recent years owing to a high incidence of the long-term surgery-related complications. In the present study, we only selected the patients from our medical center, and all surgeries were performed by the same surgical team. There is still a need for prospective, large-scale, multi-center clinical trials to further confirm our results.
Conclusions
Better neurological improvement was obtained by laminoplasty and laminectomy with lateral mass screw fixation during the surgical management of multilevel CDM. Meanwhile, we observed that loss of cervical alignment in laminoplasty and laminectomy caused a high incidence of axial symptoms. The results show that loss of cervical lordosis is negatively associated with neurological recovery and positively related to axial symptom severity. Lateral mass screw fixation might play an important role in preventing loss of postoperative cervical curvature and decreasing the incidence of axial symptoms.
